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atent applications, one measure of innovation in a particular field, are dramatically increasing in the areas of first-and later-generation biofuels. In general, when reviewing patents and patent applications, it is instructive to keep a few points in mind. There are two types of published patent applications: those that have issued and those that have published but are still pending and under examination. This article will look at both; therefore, a foundation to understand what each of these groups of publications means is helpful.
Issued patents have a fixed set of claims at the end of the patent that define the invention regardless of what is included in the detailed-description section. Issued patents are in force 20 years from the filing date, and they give the patent owner the right to exclude others from making, using, and/or selling the claimed invention in the country where the patent issued.
Published patent applications are useful to provide notice to the general public as to potential future patents and their scope. Patent applications are published 18 months after the first filing date and can be useful for both the inventors and competitors. So between the filing date or priority date of the application and the publication date, the patent application is not published and, therefore, not readily available to the public for review.
Inventors use pending patent publications to put likely competitors on notice that the inventor may have enforceable patent rights at some point in the future. Competitors use patent publications to scope out the technology landscape. It is important to note, however, that the existence of a patent publication does not necessarily mean a patent will issue from that application or that the final issued set of claims will look anything like the claims in the publication. They should thus primarily be used for notice and information purposes.
In reviewing the current state of the patent art related to biofuels and biofuel technology, it becomes clear that applications are increasing substantially. The patent publications coming out now are based on applications filed at the end of 2007/beginning of 2008, or those filed in early 2009 but claiming priority back to an application filed in late 2007 or early 2008. Given the number of patent applications filed after January 2008, there is no doubt that the number of patent publications going forward will only increase.
Many, if not most, of the applications in this field are focused on two primary subjects: what to use to create a biofuel and how to process a material to produce a biofuel. As with most developments in the energy field, efficiency is key: Is the material an efficient source of biofuel? Is the process used to produce the biofuel efficient? Is the combustion of the biofuel efficient? Improving efficiency is at the heart of each of the technologies discussed below. (Please note that this article is neither advocating nor determining the patentability of any of these technologies. The content of this paper is directed to an objective summary of some of the biofuel-related patent art.) This article will touch on six different categories of biofuel and biofuel-related patents and publications internationally. Specifically, the following topics are discussed: fatty acid esters as fuels, wastes as fuels, solid biomass, supplementing biofuels, biofuel production optimization, and biofuel cells.
Fatty acid esters as fuels
Many of the patents and publications in this section focus on yield, purity and stability. These particular biofuels have been in the news for some time, but inherent to their properties are hurdles that need to be overcome before these fuels are viable for mass use.
Three recent Japanese patent publications disclose solving some of the problems with utilizing fatty acid esters as fuels. JP 09065887 (Inventors: Fukuda et al; Applicant: Bio-Energy Corporation and Kobe University; Date filed: September 12, 2007) discloses methods of producing fatty acid esters from oils and fats in order to increase the yield of the fatty acid esters. The inventors react the fats and/or oils with straight-chain alcohols and various lipases to produce an improved yield of fatty acid esters suitable for use in a biodiesel fuel.
In JP 09067904 (Inventors: Fukushima et al; Applicant: Ryoko Lime Industry Co. Ltd; Date filed: September 13, 2007), the inventors developed a process to react fats and oils, along with methanol and either calcium hydroxide or calcium oxide in order to produce a duallayer separation whereby the fuel layer is essentially transparent.
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Biological wastes as fuels
A practical technology for developing useful biofuels comes from the conversion and treatment of biological wastes (or municipal solid wastes). This area of development is especially useful as the global population of both livestock and humans increases.
EP 02086686 (Inventor: Pearse O'Kane, Filing Date: October 6, 2006) discloses the production of biofuel gas from raw municipal solid waste by using an organic digester and dryer. The inorganic materials are separated and removed during the process. The solid "biofuel material" is heated in a depleted-oxygen atmosphere to generate the biofuel gas, which is directed into a storage tank or pipeline.
A group of patent applications owned by Holcim Technology Ltd. is directed to use of waste and/or alternative fuels in the production of clinker or cement. October 31, 2007), disclose methods of reducing the water content in organic wastes so that they can be used as fuel for cement calcining equipment and as a biomass fuel. These methods indicate that livestock waste and food waste can be dried and/or dehydrated in order to make them more acceptable as fuel sources. In one method, a "dehydration aid of inflammable particles" is added to organic waste in order to dehydrate it. In the second method, the waste is applied to a small mesh material so that the water is leached away from the waste.
Solid biomass
There are a number of mature applications in this area of (combustible) biomass-based fuel technology and development. Natural composite fire starters and fire logs for home use are examples of solid biomass functioning as a fuel source.
A 
Supplementing & enhancing biofuels
This area of biofuel development is seeing rapid growth as biofuels are used in different environments and different types of engines; biofuels that may be stable and useful in the southwestern United States, for example, may be completely nonfunctional in the northeast states, such as Maine, Vermont, and New York (given, e.g., regional average-temperature differences). And biofuels that may be fully functional in an automobile may be completely useless to fuel a boat or plane. JP 09524733, filed in January 2007, describes the addition of ignition accelerators, such as peroxides, to biofuels. As part of the disclosure, the application indicates that the ignition accelerators may also improve the lubrication ability, or lubricity, of the fuel.
AU 2008247252 (Inventor: Dolivar Coraucci Neto; Applicant: Ouro Fino Participações E Empreendimentos SA; Date filed: May 2, 2008) discloses a biodiesel composition formed from microbial oilseed, algal biomass, and/or sugarcane residues and derivatives, wherein algal biomass and/or glycerol is incorporated into the process, along with extraction and transesterification steps, to produce a biofuel that leaves behind no residues after combustion.
Beyond development of biofuels solely for machinery and automobiles, US 2009/0183420 (Inventor: Arnold J. Cobb; Date filed: January 23, 2008) discloses production of fuels for use in cold-and hot-weather climates, and as jet fuels. Fatty acid methyl esters are crystallized in order to separate the high-melting-point-temperature components from the low-melting-point-temperature components. The lowmelting-temperature components are then either used alone or blended with petroleum-diesel jet fuel to form temperature-stable fuels.
Another jet fuel application is disclosed in AU 2007/353411 (Inventors: Ryder et al; Applicant: Amyris Biotechnologies, Inc.; Date filed: November 20, 2007) where ciobicyclic isoprenoids, such as carane, pinane, sabinane, or a combination thereof are used to form the claimed jet fuels. Methods of producing these jet fuels are also disclosed.
EP 02089494 (Inventors: Kormann et al; Applicant: BASF SE; Date filed: October 23, 2007) discloses use of oligo-or polyamines having a number average molecular weight of 46,000 to 70,000 amu in order to increase the oxidative stability of biofuels oils that are free of fatty acid esters.
Optimizing biofuel production
This category regularly makes up the largest class of patents, patent publications, and journal articles, primarily because it is often easier to optimize the production of existing and known biofuels than to develop and test potential new biofuels.
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